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NATIONAL FOREWORD 

This Indian Standard (First Revision) which is identical with ISO 9283 : 1998 'Manipulating industrial 
robots — Performance criteria and related test methods' issued by the international Organization for 
Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendations of the 
Industrial and Production Automation Systems and Robotics Sectional Committee and approval of the 
Medical Instruments, General and Production Engineering Division Council. 

This standard was first published in 1998 based on ISO 9283; 1990. In this revision, it has been aligned 
with latest edition of ISO 9283 : 1 998. 

The text of the ISO Standard has been approved as suitable for publication as an Indian Standard 
without deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should 
be read as 'Indian Standard". 

b) Comma (,) has been used as a decimal marker in the International Standard while in Indian 
Standards, the current practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian Standards 
also exist. The corresponding Indian Standards, which are to be substituted in their places, are listed 
below along with their degree of equivalence for the editions indicated: 



International Standard 



Corresponding Indian Standard 



Degree of 
Equivalence 



ISO 8373 : 1994 Manipulating 
industrial robots — Vocabulary 

ISO 9787 : 1990'' Manipulating 
industrial robots — Coordinate 
systems and motions 

ISO 9946 : 199r> Manipulating 
industrial robots — Presentation 
of characteristics 



IS 14662 : 1999 Manipulating industrial Identical 

robots — Vocabulary 

IS 14663 : 1999 Manipulating industrial do 

robots — Coordinate systems and motions 

IS 14531 : 2005 Manipulating Industrial Technically 

robots — Presentation of characteristics equivalent 

(first revision) 



For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance 
with IS 2 : 1960 'Rules for rounding off numerical values [revised)'. The number of significant places 
retained in the rounded off value should be the same as that of the specified value in this standard. 



'• Since revised in 1 999. 
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Indian Standard 

MANIPULATING INDUSTRIAL ROBOTS — 

PERFORMANCE CRITERIA AND RELATED 

TEST METHODS 

( First Revision ) 



1 Scope 

This International Standard describes methods of specifying and testing the following performance characteristfcs 
of manipulating industrial robots: 

pose accuracy and pose repeatability; 

multi-directional pose accuracy variation; 

distance accuracy and distance repeatability; 

position stabilization time; 

position overshoot; 

drift of pose characteristics; 

- exchangeability; 

path accuracy and path repeatability; 

path accuracy on reorientation 

cornering deviations; 

path velocity characteristics; 

minimum posing time; 

static compliance; 

- weaving deviations. 

This International Standard does not specify which of the above performance characteristics are to be chosen for 
testing a particular robot. The tests described in this International Standard are primarily intended for developing 
and verifying individual robot specifications, but can also be used for such purposes as prototype testing, type 
testing or acceptance testing. 

To compare performance characteristics between different robots, as defined in this International Standard, the 
following parameters have to be the same: test cube sizes, test loads, test velocities, test paths, test cycles, 
environmental conditions. 

Annex A provides parameters specific for comparison testing of pose-to-pose characteristics and path 
characteristics. 

This International Standard applies to all manipulating industrial robots as defined in ISO 8373. However, for the 
purpose of this International Standard the term "robot" means manipulating industrial robot. 
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2 Normative references 

The following standards contain provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the editions indicated were valid. All International Standards are 
subject to revision, and parties to agreements based on this International Standard are encouraged to investigate 
the possibility of applying the most recent editions of the standards indicated below. Members of lEC and ISO 
maintain registers of currently valid International Standards. 

ISO 8373:1994, Manipulating industrial robots — Vocabulary. 

ISO 9787:1 990, Manipulating industrial robots — Coordinate systems and motions. 

ISO 9946:1991 , Manipulating industrial robots — Presentation of characteristics. 

3 Definitions 

For the purpose of this International Standard, the definitions given in ISO 8373 and the following definitions. 

apply. 

3.1 cluster: Set of measured points used to calculate the accuracy and the repeatability characteristics 
(example shown diagrammaticaliy in figure 8). 

3.2 barycentre: For a cluster of n points, defined by their coordinates (x; — yj — z , ), the barycentre of that 
cluster of points is the point whose coordinates are the mean values x, y , and z calculated by formulae given in 
7.2.1. 

3.3 measuring dwell: Delay at the measurement point prior to recording data (e.g. time between control signal 
"in position" and the "start measuring" of the measuring device). 

3.4 measuring time: Time elapsed when measurements are recorded. 

4 Untts 

Unless otherwise stated, all dimensions are as follows: 

— length in millimetres (mm) 

— angle in radians or degrees (rad) or (°) 

— time in seconds (s) 

— mass in kilograms (kg) 

— force in newtons (N) 

— velocity in metres per second (m/s), 

degrees per second (7s ) or 

radians per second (rad/s) 
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5 Abbreviations and symbols 

For the purposes of this International Standard, the following abbreviations and symbols apply. 

5.1 Basic abbreviations 

A Accuracy 

R Repeatability 

V Variation 

F Fluctuation 

d Drift 

P Pose 

D Distance 

T Path (trajectory) 

V Velocity 
W Weaving 

E Exchangeability 

5.2 Quantities 

a, b, c Orientation (angular components) about the x, y, andz-axis 

X, y, z Linear coordinates along the x-, y-, z-axis 

n Number of measurement cycles 

m "Number of measurement points along the path 

S Standard deviation 

D Distance between two points 

/ Distance between the attained pose and the barycentre of the attained poses 

V Path velocity 
AP Pose accuracy 
RP Pose repeatability 

vAP Multi-directional pose accuracy variation 

AD Distance accuracy 

RD Distance repeatability 

t Position stabilization time 

OV Position overshoot 

dAP Drift of pose accuracy 

dRP Drift of pose repeatability 

AT Path accuracy 

RT Path repeatability 

CR Cornering round-off error 

CO Cornering overshoot 

AV Path velocity accuracy 

RV Path velocity repeatability 
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FV Path velocity fluctuation 

WS Weaving stroke error 

WF Weaving frequency error 

5.3 Indices 

a. b, c Indicates an orientation characteristic about the x-, y-, z-axis 

X, y, z Indicates a positioning characteristic along the x-, y-, z-axis 

c Command 

(' Indicates the /-th abscissa 

j Indicates the y-th cycle 

k Indicates the /c-th direction 

h Indicates the Mh direction 

1.2 Indicates the pose number 1,2 .... 

e Corner point (edge) 

g Point where the robot performance falls within the specified path characteristics 

p Position 

5.4 Other symbols 

Ci to Cg Corners of the test cube 

E, to E4 Corners of the rectangular plane for the measurement of path characteristics 

G The barycentre of a cluster of attained poses 

Oc Origin of the measurement system coordinates 

NOTE 1 — Further symbols are explained in the respective subclauses. 

6 Performance testing conditions 

6.1 Robot mounting 

The robot shall be mounted in accordance with the manufacturer's recommendations. 

6.2 Conditions prior to testing 

The robot shall be completely assembled and fully operational.-AII necessary levelling operations, alignment 
procedures and functional tests shall be satisfactorily completed. 

The tests shall be preceded by an appropriate warm-up operation if specified by the manufacturer, except for the 
test of drift of pose characteristics which shall start from cold condition. 
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If the robot has facilities for adjustment by the user that can influence any of the tested characteristics, or if 
characteristics can be recorded only with specific functions (e.g. calibration facility where poses are given by off- 
line programming), the condition used during the test shall be specified in the test report and (where relevant for 
individual characteristics) shall be kept constant during each test. 

6.3 Operating and environmental conditions 

The performance characteristics as specified by the manufacturer and determined by the related test methods in 
this international Standard, are valid only under the environmental and normal operating conditions as stipulated 
by the manufacturer. 

6.3.1 Operating conditions 

The normal operating conditions used in the tests shall be as stated by the manufacturer. 

Normal operating conditions include, but are not limited to, requirements for electrical, hydraulic and pneumatic 
power, power fluctuations and disturbances, maximum safe operating limits (see ISO 9946). 

6.3.2 Environmental conditions 

6.3.2.1 General 

The environmental conditions used in the tests shall be as stated by the manufacturer, subject to the 
requirements of 6.3.2.2. 

Environmental conditions include temperature, relative humidity, .electromagnetic and electrostatic fields, radio 
frequency interference, atmospheric contaminants, and altitude limits. 

6.3.2.2 Testing temperature 

The ambient temperature (6) of the testing environment should be 20° C. Other ambient temperatures shall be 
stated and explained in the test report. The testing temperature shall be maintained at 

(9 ± 2)° C 

The robot and the measuring instruments should have been in the test environment long enough (preferably 
overnight) so that they are in a thermally stable condition before testing. They shall be protected from draughts 
and external thermal radiation (e.g. sunlight, heaters). 

6.4 Displacement measurement principles 

The measured position and orientation data (xj, yj, Zj, Bj, bj, Cj ) shall be expressed in a base coordinate system 
(see ISO 9787), or in a coordinate system defined by the measurement equipment. 

If the robot command poses and paths are defined in another coordinate system (e.g. by off-line programming) 
than the measuring system, the data must be transferred to one common coordinate system. The relationship 
between the coordinate systems shall be established by measurement. In this case the measurement poses 
given in 7.2.1 shall not be used as reference positions forthe transformation data. Reference and measurement 
points should be inside of the test cube and should be as far away from each other as possible (e.g. if Pi to P5 
are measurement points, C3, C4, C5, Cg may be used). 
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For directional components of the performance criteria, the relationship between the base coordinate system and 
the selected coordinate system shall be stated in the test results. 

The measurement point shall lie at a distance from the mechanical interface as specified by the manufacturer. 
The position of this point in the mechanical interface coordinate system (see ISO 9787) shall be recorded (see 
figure 7). 

The sequence of rotation used when calculating the orientation deviation should be in a way so that the 
orientation can be continuous in value. This is independent if the rotation is about moving axes (navigation angles 
or Euler angles), or rotation about stationary axes. 

Unless otherwise specified, the measurements shall be taken after the attained pose is stabilized. 

6.5 Instrumentation 

For path characteristics, overshoot and pose stabilization measurements, the dynamic characteristics of the data 
acquisition equipment (e.g. sampling rate) shall be high enough to ensure that an adequate representation of the 
characteristics being measured is obtained. 

The measuring instruments used for the tests shall be calibrated and the uncertainty of measurement shall be 
estimated and stated in the test report. The following parameters should be taken into account: 

- instrumentation errors; 

- systematic errors associated with the method used; 
~ calculation errors. 

The total uncertainty of measurement shall not exceed 25 % of the magnitude of the characteristic under test. 

6.6 Load to the mechanical interface 

All tests shall be executed with a test load equal to 100 % of rated load conditions, i.e. mass, position of centre of 
gravity, moments of inertia, according to the manufacturer's specification. The rated load conditions shall be 
specified in the test report. 

To characterize robots with load dependent performances, additional optional tests can be made with the mass 
of rated load reduced to 10 % as indicated in table 1 or some other value as specified by the manufacturer. 

When a part of the measuring instrumentation is attached to the robot, its mass andposition shall be considered 
as part of the -test load. 

Figure 1 shows an example of test end effector with CG (centre of gravity) and TCP (tool centre point) offsets. 
The TCP is the measurement point (MP) during the test. The measurement point position shall be specified in 
the test report. 
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Table 1 - Test loads 




Characteristics to be tested 


Load to be used 


100% of rated load 

(X = mandatory) 


The mass of rated load 
reduced to 10% 

(0 = optional) 


Pose accuracy and pose repeatability 


X 





Multi-directional pose accuracy variation 


X 


O 


Distance accuracy and distance repeatability 


X 


— 


Position stabilization time 


X 





Position overslioot 


X 


o 


Drift of pose chiaracteristics 


X 


— 


Exciiangeability 


X 


o 


Path accuracy and patin repeatability 


X 


o 


Patfi accuracy on reorientation 


X 


o 


Cornering deviations 


X 


— 


Patii velocity ctiaracteri sties 


X 


o 


Minimum posing time 


X 





Static compliance 


— 


See clause 1 


Weaving deviations 


X 
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L X (Xmp) 



cz^ 





'Zm ^™ 

Figure 1 - An example of test end effector 



6.7 Test velocities 



All pose characteristics shall be tested at the maximum velocity achievable between the specified poses, i.e. with 
the velocity override set to 100 %, in each case. Additional tests could be carried out at 50 % and/or 10 % of this 
velocity. 

For path characteristics, the tests shall be conducted at 100 %, 50 %, and 10 % of rated path velocity as 
specified by the manufacturer for each of the characteristics tested (see table 3). Rated path velocity shall be 
specified in the test report. The velocity specified for each test depends on the shape and size of path. The robot 
shall be able to achieve this velocity over at least 50 % of the length of the test path. The related performance 
criteria shall be valid during this time. 

It shall be reported if the velocity has been specified in pose-to-pose mode or continuous path mode, if 
selectable. 



A summary of the test velocities is given in tables 2 and 3. 
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Table 2 - Test velocities for pose characteristics 


Characteristics to be tested 


Velocity 


100 % of rated velocity 

(X - mandatory) 


50% or 10% of rated 
velocity 

(O = optional) 


Pose accuracy and pose repeatability 


X 





Muiti-directional pose accuracy variation 


X 


O 


Distance accuracy and repeatability 


X 





Position stabilization time 


X 


o 


Position overshoot 


X 


o 


Drift of pose chiaracteristics 


X 


_ 


Exchangeability 


X 





Minimum posing time 


See clause 9 and table 20 



Table 3 - ' 


rest velocities for path characteristics 




Characteristics to be tested 


Velocity 


100% of rated path 
velocity 

(X = mandatory) 


50 % of rated path 
velocity 

(X = mandatory) 


10 % of rated path 
velocity 

(X = mandatory) 


Path accuracy and path repeatability 


X 


X 


X 


Path accuracy on reorientation 


X 


X 


X 


Cornering deviations 


X 


X 


X 


Path velocity characteristics 


X 


X 


X 


Weaving deviations 


X 


X 


X 



6.8 Definitions of poses to be tested and paths to be followed 

6.8.1 Objective 

This subclause describes how five suitable positions are located in a plane placed inside a cube within the 
working space, it also describes test paths to be followed. When robots have a range of motion along one axis, 
small with respect to the other, replace the cube by a rectangular parallelepiped. 
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6.8.2 Location of the cube in the working space 

A single cube, the corners of which are designated C, to Cg (see figure 2), is located in the working space with 
the following requirements fulfilled: 

- the cube shall be located in that portion of the working space with the greatest anticipated use; 

- the cube shall have the maximum volume allowable with the edges parallel to the base coordinate system; 
A figure showing the location of the cube used in the working space shall be included in the test report. 



Base 

coordinate 

system 



Plane (a) Ci-C2-C7-Ce 




Base 

coordinate 
system 



Plane (b)C2-C3-C6-C5 




Base 

-coordinate 

system 




Base 

coordinate 
system 



Plane (dlCt-Ci -Zt-Cy 




Figure 2 - Cube within the working space 
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6.8.3 Location of the planes to be used within the cube 



One of the following planes shall be used for pose testing, for which the manufacturer has declared the values in 
the data sheet to be valid: 

a) Ci - Cg - C7 - Cg 

b) C2 - C3 - Ce - C5 

c) C3 - C4 - C5 - Ce 

d) C4 - Ci - Ce - C7 

The test report shall specify which of the four planes has been tested. 

6.8.4 Poses to be tested 

Five measurement points are located on the diagonals of measuring plane and correspond to (Pi to P5) in the 
selected plane transformed by the axial (Xmp ) and radial (Zmp ) measurement point offset. The points Pi to P5 are 
the positions for the wrist reference point of the robot. 

The measurement plane is parallel to the selected plane, see figures 3 and 7. 

The test poses shall be specified in base coordinates (preferred) and/or joint coordinates, as specified by the 
manufacturer. 

Pi is the intersection of the diagonals and is the centre of the cube. The points Pa to P5 are located at a distance 
from the ends of the diagonals equal to (10 ± 2) % of the length of the diagonal (see figure 4). If this is not 
possible then the nearest point chosen on the diagonal shall be reported. 

The poses to be used for pose characteristics are given in table 4, 



Table 4 - Poses to be used for pose characteristics 




Characteristics to be tested 


Poses 1 


P^ 


P2 


P3 


P4 


P5 


Pose accuracy and pose repeatability 


X 


X 


X 


X 


X 


Multi-directional pose accuracy variation 


X 


X 


— 


X 


— 


Distance accuracy and distance 
repeatability 


— 


X 


— 


X 


— 


Position stabilization time 


X 


X 


X 


X 


X 


Position overshoot 


X 


X 


X 


X 


X 


Drift of pose characteristics 


X 


— 


— 


— 


— 


Exchangeability 


X 


X 


X 


X 


X 
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Selected plane 



Maesurement pLane 



Measurement point (MP) 

/ 

' — Centre of gravity (C6) 

Machanical interface coordinate system MP = TCP 



Figure 3 - Selected plane and measurement plane 




l. = length of diagonal 

Example showing plane aJCi-Cj-Cv-Cg with 

poaesPi-P2-P3-P4-P5 



Figure 4 - Poses to be used 
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6.8.5 Movement requirements 

All joints shall be exercised during movement between allpcses. 

During the test care should be taken not to exceed the manufacturing operation specification. 

6.B.6 Paths to be followed 

6.8.6.1 Location of the test path 

The cube described in 6.8.2 shall be used. 

The test path shall be located on one of the four planes sKown in figure 5. For six axis robots, plane 1 shall be 
used unless otherwise specified by the manufacturer. For robots with less than six axes the plane to be used 
shall be as specified by the manufacturer. 

During the measurement of the path characteristics the centre of the mechanical interface should lie in the plane 
selected (see figure 3), and its orientation should be kept constant to that plane. 

6.8.6.2 Shapes and sizes of the test paths 

Figure 6 gives an example of the position of a linear path, a rectangular path and two circular paths in one of four 
available test planes. 

The shape of the test path should be linear or circular except for cornering deviations (see 8.5 and figure 22). If 
paths of other shapes are used they shall be as specified by the manufacturer and added to the test report. 

For a linear path in the diagonal of the cube, the length of the path shall be 80 % of the distance between 
opposite corners of the selected plane. An example is the distance Pj to P4 in figure 6. 

Another linear path Peto Pg can be used for a reorientation test, described in 8.4. 

For the circular path test, two different circles should be tested. See figure 6. 

The diameter of the large circle shall be 80 % of the length of the side of the cube. The centre of the circle shall 
beP, . 

The small circle should have a diameter of 10 % of the large circle in the plane. The centre of the circle shall be 
Pi . See figure 6. 

A minimum number of command poses Shall be used. The number and location of the command poses and the 
method of programming (teach programming or numerical data entry through manual data input or off-line 
programming) shall be specified in the test report. 

For a rectangular path, the corners are denoted E,, Eg, E3 and E4, each of which is at a distance from its 
respective corner of the plane equal to (10 ± 2) % of a diagonal of the plane. An example is shown in figure 6 in 
which P2, P3, P4 and P5 coincide with Ei, Ej, E3 and E4 respectively. 
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Plane f 



Plane 2 



Base 

coordinate 

system 



It Use wittn 6 axis robots. 




Base 

coordinate 
system 




Plane 3 



Plane 4 



Base 

coordinate 

system 




Base 

coordinate 

system 




Figure 5 - Definitions of planes for location of test path 



Ei IP,) 





Base 
coordinate 

system 



S = side length of cube. 



Figure 6 - Examples of test paths 
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6.9 Number of cycles 

The number of cycles to be performed when testing each characteristic is given in table 5. 



Table 5 - Number of 


cycles 


Characteristic to be tested 


Number of cycles 


Pose accuracy and pose repeatability 


30 


Multi-directional pose accuracy variation 


30 


Distance accuracy and distance repeatability 


30 


Position stabilization time 


3 


Position overshoot 


3 


Drift of pose characteristics 


Continuous cycling during 
8 hours 


Exchangeability 


30 


Path accuracy and path repeatability 


10 


Path accuracy on reorientation 


TO 


Cornering deviations 


3 


Path velocity characteristics 


10 


Minimum posing time 


3 


Weaving deviations 


3 



6.10 Test procedure 

The sequence of testing has no influence on the results, but it is recommended to perform position stabilization 
time test prior to the pose repeatability test, for determination of the measuring dwell. Tests for overshoot, pose 
accuracy and repeatability may be performed .concurrently. The test for drift of pose characteristics shall be 
performed independently. 

Pose characteristics shall be tested under pose-to-pose or continuous path control. Path characteristics shall be 
tested under path control. 

The determination of the path accuracy and repeatability cani>e done in parallel to that of the velocity, provided 
that the measuring device is suitably equipped. 

It is recommended that the velocity tests are performed prior to the measurement of the path accuracy and to 
use the identical path parameters. This ensures the usage of the correct reference quantities during 
determination of the path criteria. 

When programming the constant path velocity, care should be taken to ensure that the velocity override control is 
set at 100 % and that the velocity is not automatically reduced as a result of any limitations of the robot along the 
path to be followed. 
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Simultaneous testing could be 

#• 

path accuracy/repeatability and velocity characteristics; 

- cornering overshoot and round-otf error. 

Except for drift of pose characteristics, data collection for one characteristic with one set of conditions shall be 
earned out over the shortest period of time. 

Any programmed delays used for measurements, e.g. measuring dwell and measuring time, should be stated in 

the test report. 

S.1 1 Characteristics to be tested - Applications 

The tests described in this International Standard may be applied in whole or in part, depending upon the robot 
type and requirements (application). 

Guidance for.the selection of essential robot tests for some typical applications is provided in Annex B. 

7 Pose characteristics 

7.1 General description 

Command pose (see figure 7): Pose specified through teach programming, numerical data entry through manual 
data input or off-line programming. 

The command poses for teach programmed robots are to be defined as the measurement point on the robot (see 
figure 7). This point is reached during programming by moving the robot as close as possible to the defined 

points in the cube (Pi , Pa ). The coordinates registered on the measuring system are then used as 

"command pose" when calculating accuracy based on the consecutive attained poses. 

Attained pose (see figure 7): Pose achieved by the robot under automatic mode in response to the command 

pose. 

Pose accuracy and repeatability characteristics, as defined in this clause, quantify the differences which occur 
between a command and attained pose, and the fluctuations in the attained poses for a series of repeat visits to 
a command pose. 

These errors may be caused by 

- internal control definitions, 

- co-ordihate transformation errors, 

- differences between the dimensions of the articulated structure and those used in the robot control system 
model, 

- mechanical faults such as clearances, hysteresis, friction, and external influences such as temperature. 

The method of data entry for the command pose depends on the facilities of the robot control and has a 
significant influence on the accuracy characteristics. The method used shall be clearly stated in the data sheet or 
test report. 



16 



IS 14533 ; 2005 
ISO 9283 : 1998 

If the command pose is specified by numerical data entry, the relationship (i.e distance and orientation) between 
different command poses is known (or can be determined) and is required for the specification and measurement 
of distance characteristics (see 7.3). 

For the measurement of pose accuracy using numerical data entry, the position of the measurement system 
needs to be known relative to the base coordinate system (see 6.8.4). 



Coordinate system 
parallel to the base 
coordinate system 



Centre of the 
mechanical interface 




Command pose 



Figure 7 - Relation between command and attained pose 

(figures 8 and 9 also show this relationship) 



7.2 Pose accuracy and pose repeatability 

7.2.1 Pose accuracy (AP) 

Pose accuracy expresses the deviation between a command pose and the mean of the attained poses when 
approaching the command pose from the same direction. 

Pose accuracy is divided into 

a) positioning accuracy: the difference between the position of a command pose and the barycentre of the 
attained positions, see figure 8; 

b) orientation accuracy: the difference between the orientation of a command pose and the average of the 
attained orientations, see figure 9. 
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Example of one 
attained position 



Position of 6: X, y, z 



Oc given by the 
command pose P^ 



Figure 8 - Positioning accuracy and repeatability 



Mean value of 
" attained orientations 




Virtual projection point 
of different positions 
according to figure 8 



Coordinate system 
Command orientation 
NOTE - The same figure can be applied for b and a. 

Figure 9 - Orientation accuracy and repeatability 

The pose accuracy is calculated as follows: 
Positioning accuracy 



APp = ^l(x - xj' + (y - y,f + rz - zT7 
AP^=(x-x^) 
AP,._{y-y,) 
AP,..(l-z^) 
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with 
X = 

y = 



1 " 



J I 



S ^j 



X, y , and z are the coordinates of the barycentre of the cluster of points obtained after repeating the same 
pose n times. 

Xc, yc and z^ are the coordinates of the command pose; 

Aj, y; and Zy are the coordinates of the y-th attained pose. 

Orientation accuracy 



AP, 


= (a- 


aj 


APh 


= (~b. 


h) 


AP. 


= (c- 


Cc) 



with 



^ = ~ X «7 



J I 



b = 



I bj 



I- 1 



c = 



J I 



These values are the mean values of the angles obtained at the same pose repeated n times. 
Sc, be and Cc are the angles of the command pose. 
a„ bj and c, are the angles of the /-th attained pose. 
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Table 6 gives a summary of test conditions for pose accuracy. 

Table 6 - Summary of test conditions for pose accuracy 



Load 


Velocity 


Poses 


Number of 
cycles 


100 % of rated load 


I00%of rated velocity 
50 % of rated velocity 
10% of rated velocity 


P1-P2-P3 

-P,-P5 


30 


The mass of rated load reduced to 
10% (optional) 


100 % of rated velocity 
50 % of rated velocity 
1 % of rated velocity 



- starting from Pi, the robot successively moves its mechanical interface to the poses P5, P4, P3, Pj, P,. Each 
of the poses should be visited using a unidirectional approach as shown by either of the cycles illustrated in 
figure 10. Approaching directions used during the test shall be similar to those used when programming. 

- For each pose, positioning accuracy {APp) and orientation accuracy (AP^, AP^, AP^ ) are calculated. 



Oth cycle 
1st cycLe 
2nd cycLe 



P5 — P4- 



P .^ No (iieasurement is taken 
■^ at P-l in theOtti cycle 



P3 



Ps — P^ 



P^ P2 



30tti cycle P5 

OR 

1st cycle Pi — ^ P5 

/ 

2n(J cycle P., — ^ P5 
/ 



/ 



30th cycle P., 



P5 -P^ 

/ 

/ 

Pc P/, 



p^ — - P3 


/ 


P^ ^P3 


/ 


/ 


P^ — P3 



Pi ^^P2 


/ 


P3 -^P2 


/ 


/ 


P3 — P2 



/ 

P2 ^^ p-l 

/ 

P2 — P1 



Measurement are 
taken only at ttie 
arrival poses 



Figure 10 - Illustration of possible cycles 
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7.2.2 Pose repeatability (RP) 



Pose repeatability expresses the closeness of agreement between the attained poses after n repeat visits to the 
same command pose in the same direction. 

For a given pose, the repeatability is expressed by 

— the value of RPi, which is the radius of the sphere whose centre is the barycentre and which is calculated as 
below (see figure 8); 

— the spread of angles ± 3Sa, ± 3Sb, ± 3Sc about the mean values, a, b, and c 
where Sa, Sb and Sc are the standard deviations {see figure 9) 

where 

Positioning repeatability 



RPi = I + 3S, 



with 






{>-yj(''j-'')' +(y>-yj +k,-^f 



with 



X, y, 2 and Xj, yj, Zj defined as in 7.2.1. 



S, = 



E (h - If 
n - 1 



Orientation repeatability 




RP, = ±3Sa = ±S\ 




n - 1 


RP, = ±2Sh = +il 
RP.. = ±55. = ±51 


i (b., - If 

.1-1 


n - 1 

t (o - "of 

J 1 


n - I 



NOTE 2 — This criterion can be calculated even if the distances are not normally distributed. 
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Table 7 gives a summary of test conditions for pose repeatability. 



Load 


Velocity 


Poses 


Number of 
cycles 


100%ofratedload 


100 % of rated velocity 
50 % of rated velocity 
10% of rated velocity 


p, _p,_P3 
-P4-Ps 


30 


The mass of rated load reduced to 
10% (optional) 

=- : ^= 1 


100%of rated velocity 
50 % of rated velocity 
10% of rated velocity 



- The procedure is the same as in 7.2.1 . 

- For each pose, RP and angular deviations RPg, RPi, and RPc are calculated. For special applications RP may 
also be expressed by its components RPy, RPy, RP^. 

7.2.3 Multi-directional pose accuracy variation (vAP) 

Multi-directional pose accuracy variation expresses the deviation between the different mean attained poses 
achieved when visiting the same command pose n times from three orthogonal directions (see figure 11). 

— vAPp is the maximum distance between the barycentres of the cluster of points attained at the end of 
different paths. 

— vAP^, vAPb, vAPc is the maximum deviation between the mean value of the angles attained at the end of 
different paths. 

Multi-directional pose accuracy variation is calculated as follows: 



vAPp - max ^(x/, -Xkf + (y^ - vj + (zt, - zj h, k = 1, 2, 3 



Three is the number of approaching paths. 



vAP, = 


= max (oh 


- at) h, k = 


I. 2, 3 


vAP, = 


= max (bh 


-bk)h,k = 


1, 2, 3 


vAPc = 


- max (ct, 


- Ck) h, k = 


1. 2, 3 
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Table 8 gives a summary of test conditions for multi-directional pose accuracy variation. 

Table 8 - Summary of test conditions for multi-directional pose accuracy variation 



Load 


Velocity 


Poses 


Number of 
cycles 


100% of rated bad 


100% of rated velocity 
50 % of rated velocity 
1 % of rated velocity 


P1-P2-P4 


30 


The mass of rated load reduced to 
10 % (optional) 


100%of rated velocity 
50 % of rated velocity 
1 % of rated velocity 



- The robot is programmed to move its mechanical interface to the poses according to three approach paths 
parallel to the axes of base coordinate system. For P, in the negative direction and for Pj and P4 approach 
from inside the main body of the cube (see figures 11 and 12). If this Is not possible, the approach directions 
used shall be as specified by the manufacturer and shall be reported. 

- For each pose vAPp , vAP^, vAP^, vAP^ are calculated. 



Attained pose 



Pattil 



Path 2 




/ \ G?=X3.y3,Zj 



Path 3 



Attained pose 



Figure 11 - Multi-directional pose accuracy variation 



23 



IS 14533 : 2005 
ISO 9283 : 1998 



1st cycLe 



30th cycle 



pathi 
path 2 
path 3 

pathi 
path 2 

path 3 



pathi 
path 2 
path 3 

pathi 
path 2 
path 3 



pathi 
path 2 
path 3 

pathi 
path 2 
path 3 






Figure 12 - lllustratron of the cycle 

7.3 Distance accuracy and repeatability 

Characteristics applicable only to robots with the facility for off-line programming or manual data input. 

7.3.1 General 

Distance accuracy and repeatability characteristics as defined in this clause quantify the deviations which occur 
in the distance between two command poses and two sets of mean attained poses, and the fluctuations in 
-distances fora series of repeat movements between the two poses. 

The distance accuracy and repeatability can be measured by commanding the pose in one of two ways: 

a) by commanding both poses using off-line programming 

b) by commanding one pose by teach and programming a distance through manual data input. 

The method used shall be reported. 

7.3.2 Distance accuracy {AD) 

Distance accuracy expresses the deviation in positioning and orientation between the command distance and the 
mean of the attained distances. 

Given that the command poses are P^,, P^^ and the attained poses are P,j, P2J, the positioning distance accuracy 
is the difference in distance between P^^, P^ and P^j, Pj, (see figure 13) and the distance being repeated /? times. 



Pel ' 




Figure 13 - Distance accuracy 
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Distance accuracy is determined by the two factors positioning distance accuracy and orientation distance 
accuracy. 

The positioning distance accuracy ADp is calculated as follows 



ADp = D - Dc 



where 



1 ^ 



Di = \P,j - P2, 



= ]iy.cx - Xcif + (y,\ - y,2)' + (z,x - z.jf 

with 

Xc^ yc<, and z^, as the coordinates of P^,, available in the robot controller 

Xc2, yc2, and z^2 as the coordinates of P^^ available in the robot controller 

x,^, y,j, and z,^ as the coordinates of P,y 

Xjy, y2f and Z2, as the coordinates.of Pj^ 

n as the number of repetitions 

Positioning distance accuracy can also be expressed for each base coordinate system axis. The calculation is as 
follows: 

^D. = D^ - D„ 

ADy = 'Dy - Dcy 

AD, = A -De. 
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where 



J II 1 II 

D. - ^Yd, = ^Y. 

^ ,-J n^, 

I " J n 



I II -in 



Xij ■ 


■ X2j 


y>i 


■ y2i 


Zii 


- Zy 



D,:, = |Xe, - X,2| 



Dcy =|yci - yc2i 

Dcj =iZc1 - Zc2l 



The orientation distance accuracy is calculated equally to single axis distance accuracy 



■— 
AD,. 


= a. - 


D,a 


AD, 


- D,- 


D,, 


AD,. 


= ~D,- 


D,,. 



where 



/ " 



/-' 



1 " 



hi 



D,, = -YDm 



1 " , 

v^ I 



D = -J] Dei 



n ■ 



1 " , 

V 1 



.i-l 



D,3 ==ia,i - a<,2| 



Dec - jCcl - Cc2| 
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with 



a,,, bj,, and c^, 

a,2. t>c2. ari<^ <^c2 
a,,, b,j, and c,^ 



32j, b^j, and c^j 



as the orientations of P^, available in the robot controller 
as the orientations of P^j available in1he robot controller 
as the orientations of P,^ 
as the orientations of P,, 



n as the number of repetitions. 

Table 9 gives a summary of test conditions for distance accuracy. 

Table 9 - Summary of test conditions for distance accuracy 



Load 


Velocity 


Poses 


Number of 
cycles 


100% of rated load 


100% of rated velocity 
50 % of rated velocity 

10 % of rated velocity 


P2-P4 


30 



- The robot is programmed to move its mechanical interface successively to poses P2 and P^, starting from P4. 
The measurements are taken unidirectionaiiy (see figure 14). 

- At least as a minimum, the value oiADp shall be reported. 



Oth cycle 

1st cycle r2 



P9 



2nt5 cycle 



P2 - 



'' No measurement is taken 
□ at Pa in ttie Otti cycle 



30th cycle P2 



Figure 14 - Illustration of the cycle 



7.3.3 Distance repeatability (RD) 

Distance repeatability is the closeness of agreement between several attained distances for the same command 
distance.repeatedn times in the same direction. 

Distance repeatability includes positioning and orientation repeatability. 

Distance repeatability for a given command distance is calculated as follows: 
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RD.r - 



'1; (D.j-Dj' 



\ n - I 



RDy = +31 



n - 1 



RD, = ±51 



fZrA;-A/ 



n - 1 
For orientation the following calcutatton apply 



RD ~ 


±3] 

"1 

+ ?1 




(a.i 


-DJ' 




1 


n - 


I 


RHl - 


hi 


(D,i 


-A/ 






n - 


7 


Rn = 




(Dcj 


-A/ 



n - 1 



with the different variables as defined in 7.3.2. 

Table 10 gives a summary of test conditions for distance repeatability. 

Table 10 - Summary of test conditions for distance repeatability 



Load 



100 % of rated load 



Velocity 



100% of rated velocity 
50 % of rated velocity 
10%of rated velocity 



Poses 



Number of 
cycles 



P2-P4 



30 



Same procedure as in 7.3.2. At least as a minimum, the value of RD shall be reported. 
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7.4 Position stabilization time 



The position stabilization time is a robot performance which quantifies how qulcl<ly a robot can stop at the 
attained pose. Figure 15 illustrates in three dimensions an example of approach to the attained pose. It shall be 
understood that the position stabilization time is also related to the overshoot and other performance parameters 

of robots. 




— Limit band 



Figure 15 - Stabilization time and position overshoot, three dimensional presentation 

The position stabilization time shall be measured in the same manner as the overshoot in 7.5. The robot runs the 
same cycle as in 7.2.1 with the test load and the test velocities. After the robot approaches the command pose 
P„, the position of the measurement point shall be continuously measured until stabilization is achieved. 

The position stabilization time is measured as the elapsed time from the instance of the initial crossing into the 
limit band until the instance when the robot remains within the limit band. The limit band is defined as the 
repeatability as defined in 7.2.2 or a value stated by the manufacturer. 

This procedure shall be repeated three times, for each pose the mean value t of the three cycles is calculated 
(see figure 16). 
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Atrainea position 



Time 



Curve (1): Example of an overdamped approach, see note 3 
Curve (2): Example of an oscillating approach where OV^ exists 



Figure 16 - Stabilization time and position overshoot 



Table 1 1 gives a summary of test conditions for position stabilization time. 

Table 11 - Summary of test conditions for position stabilization time 



Load 


Velocity 


Poses 


Number of 
cycles 


100 % of rated load 


100%of rated velocity 
50 % of rated velocity 
10 % of rated velocity 


Pi 


3 


The mass of rated load reduced to 
1 % (optional) 


100% of rated velocity 
50 % of rated velocity 
10% of rated velocity 



7.5 Position overshoot 

The purpose of measuring position overshoot is to quantify the robot capability to make smooth and accurate 
stops at attained poses. It shall be understood that the position overshoot is also related to the position 

stabilization time. 

The overshoot is measured as the maximum distance from the attained position after the instance of the initial 
crossing into the limit band and when the robot goes outside the limit band again. 

NOTE 3 — For robots which are overdamped (curve 1 in figure 16) the overshoot will be zero. 

To measure the position overshoot, the robot runs the same cycle as in 7.2.1 with the test load and the test 
velocities. The position overshoot is equal to the over travel distance at the measurement point P, . The 
overshoot shall be measured three times, the maximum value of the three cycles shall be calculated (see 
figure 16). 
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OV = max OF, 



OV^ = max D,.^ if max D,^ > limit band 
= if max D, , < limit band 



max D,j = max -^(x,^ - x. ) + [y,^ - v, ) + (z, , - z J / = 1 , 2, 



m 



where / represents the number of samples measured after the robot has reached the limit band. 
For special applications OV may also be expressed by its components OV^, OVy, OV^. 
Table 12 gives a summary of test conditions for position overshoot. 

Table 12 - Summary of test conditions for position overshoot 



Load 


Velocity 


Poses 


Number of 
cycles 


100% of rated load 


100% of rated velocity 
50 % of rated velocity 
10 % of rated velocity 


Pi 


J 


The mass of rated load reduced to 
10% (optional) 


100%of rated velocity 
50 % of rated velocity 
1 % of rated velocity 



7.6 Drift of pose characteristics 

Drift of pose accuracy (dAP) is the variation of pose accuracy over a specified time (T). This can be calculated as 
follow/s: 

dAPp = I APi-.,- APt^r I 

dAP,= I AP,,-_,-AP,,-^r\ 

dAFt> ~ I Art,,-^ - AHfii-j \ 

dAP,= I AP^-_,-AP,^.j\ 

where AP is defined in 7.2.1, with relation to the command pose taught under cold conditions. 

The maximum values should be reported. 

Drift of pose repeatability {dRP) is the variation of pose repeatability over a specified time (7). This can be 
calculated as follows: 
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dRP^ = i RP,^,- RP,._, I 

dRP,= i RP3,.,-RP3,-tI 

dRP,= I RP,,,,-RP„., I 

dRP^= I RP,,._,-RP,,^J 

where RP is defined in 7.2-2. 

The maximum values should be reported. 

Table 13 gives a summary of test conditions for drift of pose characteristics. 

Table 13 - Summary of test conditions for drift of pose characteristics 



Load 


Velocity 


Poses 


Number of 
cycles 


100% of rated load 


100% of rated velocity 
50 % of rated velocity 
10%of rated velocity 


P, 


8 h continuous 
cycling 



Drift measurements should begin from cold (immediately after actuation of the main power) and continued 
over several hours in the warmed up state. The following sequence should be followed: 

1 . Programming of test cycle with power on; 

2. Power off the robot for 8 h; 

3. Restart the robot and start programmed automatic cycle. 

Measurement cycle: The robot is programmed to move its mechanical interface to Pi starting from Pj. All 
joints have to be moved when returning from P^ to Pj (10 times) 

Warm-up cycle: All joints have to be moved over 70 % of its full range with maximum possible velocity (see 
also table 13) when returning from P^ to P2 sequence (10 times). See also diagram in figure 17. The values 
may be selected different for special applications 

The measurements can be stopped before eight hours if the rate of change of the drift {dAP) for five 
continuous sets is less than 10 % of the largest rate of change during the first hour. The measurements are 
used to calculate pose accuracy and repeatability (see 7.2. 1 and 7.2.2). The results are plotted on a graph 
as a function of time. The time between the measurement cycles shall be 10 minutes (warm-up program, 
see figures 17 and 18). 
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START 


Measurement 


cycle 




"-.' 


Pi 


?-i — — 


P, 



10X 




Warm up cycle 



10 min 



Figure 17 - Illustration of the drift measurement 



Commanded pose 
cold state 




I'D tl tz t-j 

Figure 18 - Drift of pose characteristics 
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7.7 Exchangeability {£) 

Exchangeability expresses the deviation of the bafycentres when different robots of the same type are 
exchanged under the same environmental conditions, mechanical mounting and use of the same task 
programme. 

The E value is the distance between barycentres from the tests of the two robots which have the maximum 
deviation in the tests (see figure 19). 



Attained poses 
of robot 2 




Attained poses 
of robot 1 



Gi-.xi,yi,2i 



Figure 19 - Exchangeability 



The exchangeability is due to mechanical tolerances, errors jof axis calibration and robot mounting errors. 

The test poses for the exchangeability test shall be Pi , P2 , P3 , P-i and P5 and shall be the same for all the robots 
tested. 

The command poses for all five points shall be set using the first robot and shall remain the same for the other 
robots during the test. 

The test shall be-executed at 100% of rated load and 100% of rated velocity and shall be performed on five 
robots of the same type. 

Table 14 gives a summary of test conditions for exchangeability. 

Table 14 - Summary of test conditions for exchangeability 



Load 


Velocity 


Poses 


Number of 
cycles for 
each robot 


Number of 
robots 


1 00 % of rated load 


100%of rated velocity 


P, - P, - 
P3 - P4 
-P5 


30 


5 
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The first robot shall be installed on a mounting place as specified by the manufacturer. For each point Pi , Pa , P3, 
P4 and P5 the barycentres shall be calculated In the same reference coordinate system. 

The position accuracy (APpj ) for each of the other robots shall be calculated using the same mechanical base 
mounting reference while maintaining the measurement system fixed and using the same task programme. 

The exchangeability is calculated as below 



max 



Vr^cA - x,f + (y, - y,f + (z, - z,f h,k=i, 2 5 



NOTE 4 — The test can be executed with the same robot controller, using the calibration data specific for each manipulator (definition, see 
ISO 8373), in accordance with the manufacturer specifications. 

8 Path characteristics 

8.1 General 

Path accuracy and repeatability definitions are independent of the shape of the command path. Figure 20 gives a 
general illustration of path accuracy and path repeatability. 

The path characteristics described in the following subclauses are generally valid for all methods of 
programming. 



Barycentre G 




j-thattained path 



Command path 

Normal plane to command 
pathatXci.Ya, Zci 



Figure 20 - Path accuracy and path repeatability for a command path 
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8.2 Path accuracy {AT} 

Path accuracy characterizes the ability of a robot to move its mechanical interface along the command path in the 
same direction n times. 

Path accuracy is determined by the two factors 

- the difference between the positions of the command path and the barycentre line of the cluster of the 
positions of the attained paths (i.e. positioning path accuracy, ATp, in figure 20); 

the difference between command orientations and the average of the attained orientations (i.e. orientation 
path accuracy). 

The path accuracy is the maximum path deviation along the path obtained in positioning and orientation. 

Positioning path accuracy, AT^, is defined as the maximum of the distances between the positions of the 
command path and the barycentres G,, of the n measurement cycles, for each of a number of calculated points 
(m) along the path. 

The positioning path accuracy is calculated as follows 



ATr 










= } ... 


... m 


= max yjfxf - 


■ x.,/ + fy, - 


yj + (^. 


■ Za)' I 



where 

1^ - 1^ - 1^ 



X, 



nTl riTl n^, 



When calculating AT^ the following should be taken into account 

depending on the shape of the command path and the test velocity, the number of points along the 
command path and corresponding normal planes are selected. The selected number of normal planes shall 
be stated in the test report. 

- x^i , y„ and z^, are the coordinates of the /-th point on the command path. 

x,j ,y,^ and z,j are the coordinates of the intersection of they-th attained path and the /-th normal plane. 

Orientation path accuracies AT^ , AT^, and AT^ are defined as the maximum deviation from, commanded 
orientations along the path. 



ATa= max \ai - ac\ i = / m 

ATh"^ max \h; - bc\ i = 1 m 

ATc= max c, - cJ i - 1 m 
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where 



a, 



X^w 



— 1 " 



,/=' 



/ ■/ 



— I " 
c, = ~^c„ 
I- 1 



n 



a^„ b„ and c„ are the command orientations at the point (x„, y„, z„ ). 
a,^, b,j and c,y are the attained orientations at the point (x,, y,^, z,) 
Table 15 gives a summary of test conditions for path accuracy. 

Table 15 - Summary of test conditions for path accuracy 



Load 


Velocity 


Shape of path 


. 

Number of 
cycles 


1 00 % of rated load 


100% of rated velocity 


Linear path 






50 % of rated velocity 


E,-E3 






1 % of rated velocity 


Circular paths 
Large and smalt 

circles 

See 6.8.6.2 and 

figure 6 


10 


The mass of rated load 


100% of rated velocity 


reduced to 10% 


50 % of rated velocity 






(optional) 


1 % of rated velocity 







Whilst the calculation of path accuracy is nrade in planes orthogonal to the command path, the measurements of 
the attained path may be carried out as a function of either distance or time. 

The programmed start and end points of the cycle shall lie outside the chosen test path. 



8.3 Path repeatability (RT) 

Path repeatability expresses the closeness of the agreement between the attained paths for the same command 
path repeated n times. 

For a^iven path followed n times in the same direction, path repeatability is expressed by 

RTp is the maximum RTp, which is equal to the radius of a circle in the normal plane and with its centre on 
the barycentre line (see figure 20). 

- the maximum of the spread of angles about the mean value at the different calculated points. 

The path repeatability is calculated as follows: 



RT I' 



max RT, 



max [Ij + 3Sj,] i = I 



m 
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where 



— / " 



",y I 



J \ 



n - 1 



I'j = ^j(x,J - x,f + (y,, - y^f +(z,j- z, ) 



with X,, >-,, z^,x^j, y^^ and z^j as defined in 8.2. 



X ("o- ^,/ 



i?ro = max 3'\i- ; /= 1 m 

n - 1 



\L(b, -b,f 
n - 1 



IrCy -C,/ 



RTc = max 3^— ; /= 1 m 

n - 1 



with a,, b,., c,., a, J, b^j and c,. as defined in 8.2. 



Path repeatability shall be measured using the same test procedure as that used for the measurement of path 
accuracy. 

For special applications Rfmay also be expressed by its components RT^, RTy, RT^ 
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8.4 Path accuracy on reorientation 

To record the influence of three-directional orientation alterations on a linear path in a simple way, i.e. with 
measuring only positioning path accuracy (ATp ) the following test, as illustrated in figure 21 shall be applied. 



a) 

Definition of the orientation 
alteration around Y^ 
Bn-angle at Pg (Start) 
Bn-angle from Pg to P^ 
B^-angle from P^ to Pg 



+ 30" 
-30- 
+ 30- 



b) 

Definition of the orientation 
alteration around X^ and Z^, ■ 
A„-angle at Pg (Start) + 30 • 

A^-angle from Pg to P7 ' 

Cn-angle from P7 to P, - 30 ' 

Cp-angle from-P, to Pg ■ 

An-angle from Pg to P9 - 30 ' 





Figure 21 - Definition of orientation alterations a) around y„ -axis, b) around x^ - and z„ -axes 

In the test plane £,....£4, according to figure 4, additional points Pg-.-Pg will be marked, as defined in figure 6, with 
equal distances from each other. A local coordinate system shall be arranged for definition of orientations with 
XnYp-plane parallel to the selected plane E1...E4 and the linear path Pg.-.Pg parallel to the Y„-axis. 

The path shall be followed with constant velocity of the tool centre point, TCP, from start point Pg to Pg and back 
from Pg to Pg. The orientation shall be done continuously in the areas described in figure 21 , without stop at the 
points Pg...Pg. Velocity and load shall be in accordance with 8.2, see also table 16. 

Path accuracy on reorientation shall be calculated similar to the path accuracy as defined in clause 8.2. 
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Table 16 gives a summary of test conditions for path accuracy on reorientation. 



Table 16 - 


Summary of test conditions for path accuracy on reorientation 


Load 


Velocity 


Shape of path 


Number of 
cycles 


100% of rated load 


100%of rated velocity 
50 % of rated velocity 
10 % of rated velocity 


Linear path 
P6-P9 

See 8.4, figures 6 
and 21 


10 


The mass of rated load 
reduced to 10 % 
(optional) 


1 00 % of rated velocity 
50 % of rated velocity 
10 % of rated velocity 



8.5 Cornering deviations 

Cornering deviations can be categorized into two general types: 

- sharp corners; 

- rounded corners. 

To achieve sharp corners changes of the velocity have to be allowed to maintain precised path control. This 
normally results in large velocity fluctuations. To maintain constant velocity, rounding of corners is required. 

Sharp corners are realised when the robot moves from the first path without delay time and with programmed 
constant path velocity to the second path orthogonal to the first one. 

Velocity variation around the corner depends of the type of control system and shall be recorded. (In certain 
cases the reduction can be nearly up to 100% of the applied test velocity). 

Rounded corners are used in order to prevent considerable overshoot and to keep mechanical strain under 
certain limits. Depending of the control system discrete paths such as radii or spline functions (smoothing 
methods) are programmable or will be automatically used. In this case a reduction of the velocity is not desired 
and if not otherwise stated limited by maximum 5% of the applied test velocity. 

If a smoothing method is used in programming, it shall be stated in the test report. 

8.5.1 Cornering round-off error (C/7) 

Cornering round-off error is defined as the maximum value calculated from three consecutive measurement 
cycles. For each cycle the minimum distance between the corner point (x^, y^, z^ in figure 22) and the attained 
path is calculated as follows. 



CR = max CR 



7=1,2,3 



CR, 



mm 



^(xj - xe/ + (y^ -yj + (z, -z,f i = 1 



.,. m 
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where 



Xe, ye, and Ze are the coordinates of the command corner point; 

x„ Yi, and z, are the coordinates of the command corner point on the attained path corresponding to the 
measurement point /. 



8.5.2 Cornering overshoot (CO) 

Cornering overshoot is defined as the maximum value calculated from three consecutive measurement cycles. 
For^ach cycle the maximum deviation from the command path after the robot started on the second path without 
delay time and with programmed constant path velocity is measured. 

If the second command path is defined as the Z-axis and the first command path is in negative Y-direction, the 
cornering overshoot is calculated as follows: 



CO = max CO; y=1,2, 3 



CO J = max yl(x, - xj + (y, -yj i = 1 



m 



where 

Xci, and /„ are the coordinates of the point on the command path corresponding to measurement point zd, 
x„ and y, are the coordinates of the point on the attained path corresponding to measurement point z,. 

This equation is only true when (y, - yd) has a positive value, If (yt - yd) has a negative value, cornering 
overshoot does not exist. 



(Xe,ye,Ze) 




Repeatability tube 
similar to figure 20 



Figure 22 - Cornering overslioot and cornering round-off error at a sharp corner 
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8.5.3 Genera) test conditions 

Table 17 gives a summary of test conditions for cornering deviations. 

Table 17 • Summary of test conditions for cornering deviations 



Load 



100% of rated load 



Velocity 



100% of rated velocity 
50 % of rated velocity 
10 % of rated velocity 



Corners 



E, — E2— E3 — E4 
(see figure 6 in 6.8.6.2) 



Number of 
cycles 



The start position shall be halfway betweenE, and E<,. All four corners shall be measured. Continuous path 
programming shall be used to command the rectangular path. Any automatic reduction in velocity when 
executing the path shall be as specified by the manufacturer and shall be stated in the test report. 

If not stated otherwise the orientation is orthogonal to the plane of the rectangular path. 

Cornering overshoot can be calculated from measuring the deviation from the command path and each path 
measured. To establish command path values the position of the corner points can be either measured during 
teaching in the case of teach programming or known in the case of manual data input. 

Both criteria CR and CO shall be measured at the same measuring sequence. Any programming alternative (e.g. 
sharp corner, smoothing) shall be reported. 

8.6 Path velocity characteristics 

S.6.1 General description 

Performance characteristics of a robot with respect to path velocity are divided into three criteria. These are 

path velocity accuracy (/^ 10; 

path velocity repeatability (RV); 

path velocity fluctuation {FV). 
An idealized graph of these criteria is shown in figure 23. 



Path velocity 
repeatabiUty (RV) I 




Patti velocity 
j accuracy (AV) 

1 Pafh velocity 



fluctuation (FV) 



Time 



Figure 23 - Path velocity characteristics 
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Table 18 gives a summary of test conditions for path velocity characteristics. 

Table 18 - Summary of test conditions for path velocity characteristics 



Load 


Velocity 


Number of cycles | 


1 00 % of rated load 


100% of rated velocity 
50 % of rated velocity 
1 % of rated velocity 


10 


The mass of rated load reduced to 
10% (optional) 


100 % of rated velocity 
50 % of rated velocity 
10 % of rated velocity 


. 



In cases where significant velocity fluctuations along the path occur, repeated measurements taken as a function 
of time must be referred to the same points in space along the command path. 

The measurement shall be taken during the stable velocity state on the centre portion of the test path length and 
on 50 % of the length. 

Path velocity characteristics are tested on the same linear path as that used for path accuracy (see 8.2). AV, RV 
and FV are calculated with n = 10. 

8.6.2 Path velocity accuracy (AV) 

Path velocity accuracy is defined as the error between the command velocity and the mean value of the attained 
velocities achieved during n repeat traverses along the path and is expressed as a percentage of the command 
velocity. Path velocity accuracy is calculated as follows: 



AV 



V - V, 



Vc 



xJOO 



where 






/=i 






m 



=1 



where 



v^ is the command velocity; 

v^ is the attained velocity for i-th measurement and j-th replication; 

m is the number of measurements along the path. 



8.8.3 Path velocity repeatability {RV) 

Path velocity repeatability is a measure of the closeness of agreement of the velocities attained for the same 
command velocity. 

Unless otherwise stated, path velocity repeatability shall be stated as a percentage of command velocity 
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RV = ±\^xlOO 



where 



5v 



Is r^^ - v/ 



n - 1 

with v^, v^, and v as defined in 8.6.2. 

Path velocity repeatability shall be nneasured using the same test procedure as that used for the measurement of 
path velocity accuracy. 

8.6.4 Path velocity fluctuation {FV) 

Path velocity fluctuation is the maximum deviation in velocity during one replication with one command velocity. 

The path velocity fluctuation is defined as the maximum of velocity fluctuation for each replication. 



FV = max 



max (vi,) - min (v,,) 

; = 1 (=1 



j= 1 



with Vijas defined in 8.6.2. 

Path velocity fluctuation shall be measured using the same test procedure as that used for the measurement of 
path velocity accuracy. 

9 Minimum posing time 

The posing time is the time between departure from and arrival at a stationary state when traversing a 
predetermined distance and/or sweeping through a predetermined angle under pose-to-pose control. The time 
taken for a robot to stabilize at the attained pose, as defined in 7.4, is included in the total posing time. 

Unless otherwise stated the robot shall be able to achieve the specified pose accuracy and repeatability 
characteristics when making moves between the test poses in the specified minimum posing time. 

Posing time is a non linear function of the distance travelled. 

NOTE 5 - The posing time of a robot forms a contribution to, but is not tine only factor involved in, the determination of cycie time. 
Therefore the results of the posing time measurements can be used to give an indication of cycle time but cannot be used to calculate cycle 
time directly. 

Load to the mechanical interface and velocities during the test are the same as for pose characteristics indicated 
in 6.6. 

The velocities to be used for the test are 100 % of the rated velocity and in addition the test shall be performed 
with optimized velocities for each part of the cycle if applicable to achieve a shorter posing time. The velocities 
used shall be stated in the test report. 
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The number of cycles is three. 

Tables 19 and 20 give a summary of test conditions for minimum posing time. 

Table 19 - Poses and distances for minimum posing time 



Poses 


Pi 


Pi+i 


Pl+2 


Pl+3 


Pl+4 


P,+5 


Pl+6 


Pl+7 


Distance from previous pose 

(D, = D, =D, ) 





-10 


+ 20 


-50 


+ 100 


-200 


+ 500 


-1000 



Table 20 - Summary of test conditions for minimum posing time 




Load 


Velocity 


Poses 


Number of 
cycles 


1 00 % of rated load 


100% of rated velocity 
-Optimized velocities 


r 1 r■^^.■^ P,+2 

Pl+3 Pl+4 

P 1+5 Pl+6 Pl+7 

(see table 19) 


3 


The mass of rated toad reduced to 
10% (optional) 


100 % of rated velocity 
Optimized velocities 


3 



In order to include short distances for posing time measurement, a number of poses are programmed or 
taught along the diagonal of the cube defined in 6.8.4 with centre point P,. The component distances 
D^ = Dy = Dj between consecutive poses follow an alternating progression as shown in table t9. See also 
figure 24. 

The number of poses and distances depends on the size of the selected cube. 

For each travel, the mean value of the three cycles is calculated and the results are given in a table, with 
the distance between poses indicated. 




Figure 24 - Illustration of the cycle 
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10 Static compliance 

static compliance is the maximum amount of displacement per unit of applied load. The load should be applied 
to and the displacement measured at the mechanical interface. 

The static compliance should be specified in millimetres per newton with reference to the base coordinate 
system. 

The forces used in the tests shall be applied in three directions, both positive and negative, parallel to the axes of 
the base coordinate system. 

The forces shall be increased in steps of 10 % of rated load up to 100 % of rated load, one direction at a time. 
For each force and direction the corresponding displacement is measured. 

The measurement shall be made with the servos on and the brakes off. 

The measurement procedure is repeated three times for each direction. This test is done with the centre of the 
mechanical interface placed at Pi as defined in 6.8.4. 

1 1 Application specific performance criteria 

11.1 Weaving deviations 

Performance characteristics of a robot with respect to weaving deviations are devided into two criteria. These 
are: 

- weaving stroke error (WS) 

- weaving f requency error (l/VF) 

Weaving is a combination of one or more motions superimposed on a path, mainly used for arc welding. 

11.1.1 Weaving test path 

The path defined in figure 25 is a saw-toothed wave path with a command weaving stroke Sc and a weave 
distance WDc generated by a command weaving frequency Fc , both stated by the manufacturer. At least 10 
weave distances shall be located within the selected plane according to figures 5 and 6 with Pi as symmetric 
point and the centre line parallel to P2 - P3. 
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Figure 25 - Weaving test path in the selected plane 



11.1.2 Weaving stroke error {WS) 

The weaving strolce error, in percentage, snail be calculated from the difference between the command weaving 
stroke S^ and the measured mean attained weaving stroke Sg , see figure 26, as follows: 



WS= " ^ xlOO(%) 



11.1.3 Weaving frequency error {WF) 

The weaving frequency error, in percentage, shall be calculated from the difference between the command 
weaving frequency F^. and the attained weaving frequency F^- as follows; 






where 



F=10x 1 andF=10x 



\fdWD„ 



lOfFD 



with 

WV;. = command weaving velocity 
WVg = attained weaving velocity 
WD^ = command weave distance 
WD„ = mean attained weave distance 
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wv. 



WVa 




Figure 26 - Illustration of attained and command weaving patli 



12 Test report 



The test report shall consist of a cover sheet(s) and one or more test result sheets. The cover sheet shall provide 
general information regarding the robot, measurement set-up and the test conditions (physical environment, set- 
up/warm-up, instrumentation, programming method etc.) and the tests conducted. The test result sheets shall 
provide a summary of the various tests performed with the uncertainty of measurement. 

All reports shall include all robot programmes and software programme parameters used during each test. 

Annex C gives an example of a test report and shows the minimum required information for the cover sheet and 
result sheets. 
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Annex A 

(normative) 

Parameters for comparison tests 



A.1 



General 



As stated in the scope this annex provides specific parameters for the performance of comparison tests for 
typical pose and path characteristics. 

For comparison tests of the characteristics listed in table A.I the parameters for cube sizes, planes, loads, 
velocities and shape of paths stated in this annex shall be applied, if other values have not been agreed upon 
between the supplier and the user. Table A.I also provides information of specific test parameters which are not 
specified elsewhere in this annex. 

Where specific parameters are not provided in this annex the test conditions and parameters specified in the 
core of this standard shall be applied, e.g. location of poses, number of cycles. 

Comparison of characteristics are only relevant where the external reaction forces are not significant relative to 
the end effector. 

Table A.I - List of characteristics 



Characteristics to be tested 


Remark 


Pose accuracy and repeatability 




Multi-directional pose accuracy 
variation 




Distance accuracy and repeatability 




Position stabilization time 




Position overshoot 




Drift of pose characteristics 




Positioning path accuracy 


The length of linear test paths is defined by the size of 
the selected cube following the principles in 6.8.6.2 


Path accuracy on reorientation 


The length of linear test paths is defined by the size of 
the selected cube following the principles in 6.8.6.2 


Cornering deviation (sharp corner) 




Path velocity 




(Minimum posing time 




Static compliance 




Weaving 


Sc = 1 mm, t = 1 , 2 or 5 Hz for the path defined in 
clause 11.1.1 and figure 25 
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A.2 Size of cube and selection of test plane 

if not otherwise stated, the maximum cube with a length of the sides of 25Q, 400, 630 or 1000 mm shall be used. 
The centre of the selected cube (P, , see 6.8.4 and figure 4) shall be placed in the same centre as of a cube with 
maximum allowable volume and also with the edges parallel to the base coordinate system. The position of the 
cube in reference to the robot base coordinate system shall be reported in the test report. 

The plane (a) Ci - Ca - C7 - Cs in figure 2 shall be used. 

For robots with less than six axes the plane 2, 3 or 4 in figure 5 shall be used. 

A.3 Load to the mechanical interface 

All tests shall be executed with the heaviest possible test load in accordance with table A.2 and also as optional 
with 10% of this test load. The axial CG (centre of gravity) offset, the radial CG offset and the axial MP 
(measurement point) offset are shown in figure 3. 

Table A.2 - Standard test load categories 



Test load 


lUlass 


Axial CG offset 


Radial CG and MP 


Axial MP offset 


category 




Lz 


offsets 
Lx, Xmp 


Z„p 




(kg) 


(mm) 


(mm) 


(mm) 


1 


1 


20 





40 


2 


2 


40 


20 


80 


3 


5 


60 


30 


120 


4 


10 


80 


40 


160 


5 


20 


100 


50 


200 


6 


40 


120 


60 


240 


7 


60 


140 


70 


280 


8 


80 


160 


80 


320 


9 


100 


180 


90 


360 


to 


120 


200 


100 


400 


11 


140 


220 


110 


440 



CG - Centre of gravity 
MP - Measurement point 



A.4 



Test velocities 



Pose characteristics shall be tested with the velocities specified in table A.3. If the velocity 1600 mm/s is 
impossible the velocity 630 mm/s shall be used. The limit band in table A.3 is described in 7.4 and 7.5. 

Path characteristics shall be tested with the velocities specified in table A.4. 
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Table A.3 - Test velocities for pose characteristics 



Cliaracteristics 
to be tested 


Velocitv 1 


Low 


High 1 


lOmm/s 


250 mm/s 


630 mm/s 


1600 mm/s 


Limit band (mm) 


Limit band (mm) 


Limit band (mm) 


Lim t band (mm) 


0,1 


0,5 


1,0 


0,1 


0,5 


1,0 


0,1 


0,5 


1,0 


0,1 


X),5 


1,0 


Position stabilization time 


O 


o 





O 











o 





X 


X 


X 


Position overslioot 


o 


o 























X 


X 


X 


Minimum posing time 


o 


o 








o 


o 











X 


X 


X 




lOmm/s 


250 mm/s 


630 mm/s 


1600 mm/s 


Pose accuracy and pose 
repeatability 


X 








X 


Multi-directional pose 
accuracy variation 


X 





o 


X 


Distance accuracy and 
repeatability 


X 








X 



X = Mandatory O = Optional 

NOTE 6 — One figure of limit band may be chosen among ttireee values at velocity 1600 mm/s 

Table A.4 • Test velocities for path characteristics 





Velocity 


Characteristics to be tested 


Low 


High 1 




10 mm/s 


250 mm/s 


630 mm/s 


1600 mm/s 


Positioning path accuracy 


X 


X 





X 


Path accuracy on reorientation 


X 


X 





X 


Cornering deviation at a sharp corner 


- 


X 





X 


Path velocity characteristics 


X 


X 





X 


Weaving deviation 


X 





- 


- 



X = Mandatory 



O = Optional 



Low velocity is applied to such applications as welding, cutting, polishing/deburring. High velocity is applied to 
such applications as spray painting, sealant dispensing. 

A.5 Shape and size of optional test path 

The test path shown in Figure A.1 is an optional path with various path elements which can be used for 
positioning path accuracy tests. The coordinates for the points Pi, and Pio to P36 are given in table A.5 as 
examples for plane sizes 400 x 400 and 800 x 800 mm. 
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Ei 



OPi 



P22 Pi, 



Pl9« -f ip2 
P2 ' 

'nit 



P2e P31 P3 



P26P29 P30 P33 




Figure A.I - Optional test path 
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Table A.5 - Coordinates for the optional test path 



Point 


Plane 400 x 400 mm 


Plane 800 x 800 mm 1 


X = 


Y = 


X = 


Y = 


1 


180 


-50 


360 


-100 


10 














11 


70 


70 


140 


140 


12 


140 





280 





13 


.210 





420 





14 


210 


70 


420 


140 


15 


280 


70 


560 


140 


^6 


360 


-10 


720 


-20 


17 


280 


-90 


560 


-180 


18 


140 


-90 


280 


-180 


19 


120 


-110 


240 


- 220 


20 


140 


-130 


280 


-260 


21 


160 


-110 


320 


-220 


22 


140 


-90 


280 


-180 


23 


70 


-90 


140 


-180 


24 





-130 





-260 


25 


70 


-170 


140 


-340 


26 


140 


-170 


280 


-340 


27 


140 


-160 


280 


-320 


28 


150 


-160 


300 


-320 


29 




150 


-170 


300 


-340 


30 


160 


-170 


320 


-340 


31 


160 


-160 


320 


-320 


32 


170 


-160 


340 


-320 


33 


170 


-170 


340 


-340 


34 


260 


-170 


520 


-340 


35 


360 


-70 


720 


-140 


36 


260 


-170 


520 


-340 
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Annex B 

(informative) 

Guide for selection of performance criteria for typical applications 

Introduction 

In the introduction and in 6.1 1 it is said that thetests described may be applied in whole or in part, depending 
upon the robot type and requirements. The selection of tests is given to the user of ISO 9283 in accordance with 
his own specific requirements. 

The aim with this annex is to give guidance for the selection of essential robot tests for some typical applications. 
Consequently the number of tests may be limited. 

Table B.I contains a list of some typical robot applications and the essential tests for the different applications 
have been marked with an "x". 



Notes to table B.1 

1) Application where pose-to-pose control is normally used 

2) Application where continuous path control is normally used 

3) Only in case of off-line programming 

4) Position only. 
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Table B.I 


- Guide for selection of | 


lerformanc 


e criteria for typical applications 








Criteria to be used 


Reference 

in 
ISO 9283 






Applications 


Spot 

welding 

1) 


Handling/ 

loading/ 

unloading 

1) 


Assembly 


Inspection 


Maching/ 
deburring/ 
polishing/ 
cutting 2) 


Spray, 
painting 

2) 


Arc- 
welding 

2) 


Adhesive/ 
sealing 

2) 


1) 


2) 


1) 


2) 


1 Pose accuracy 


7.2.1 


X" 


X^> 


X« 


x^> 


X3) 


X'> 






X" 




1 Pose repeatability 


7.2.2 


X*i 


X*' 


x*> 


X" 


X*> 


X'' 






X^' 




Multi-directional pose accuracy 
variation 


7.2.3 




X» 


x« 


X'> 


X^' 


X" 










Distance accuracy/repeatability 


7.3 


x=' 


X=' 


x=' 


x'> 


X'> 


X'' 










Position stabilization time 


7,4 


X 


X 


X 


X 


X 


X 










Position overshoot 


7.5 


X 


X 


X 


X 


X 


X 






X 




Drift of pose accuracy 


7.6 


X^' 


x^» 


X'' 


X'> 


X^' 


X^' 






^3) 




Drift of pose repeatability 


•76 


X'» 


X*' 


x*> 


x*> 


X*' 


X^> 






X" 


1 


Exchangeability 


. 7.7 






















Path accuracy 


8.2 








x^> 




x^' 


X" 


X^' 


X" 


x" 


Path repeatability 


8.3 








x*> 




X"' 


X«' 


X^' 


X*' 


x^' 


Path accuracy on reorientation 


8.4 






















Cornering deviations 


8.5 








x 




X 


X 






x 


Path velocity accuracy 


8.6.2 














X^' 


X'' 


x^' 


x^' 


Path velocity repeatability 


8.63 














X 


X 


X 


^ 


Path velocity fluctuation 


8.6.4 














X 


X 


x 


x 


Minimum posing time 


9 


X 


X 


X 
















Static compliance 


10 


X 


X 


x 


x 






X 








Weaving deviations 

. - . 


11.1 



















x 





en 
en 



CO CO 


o 






m^ 


(0 


■Pk 


ro 


CJI 


CO 


GO 


i>} 


CO 


_, 


ro 


(0 


o 


(0 


o 


c» 


en 
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ROBOT 



Arrnex C 

(informative) 

Example of a test report 



Control system 



Manufacturer: 

Type: 

Model No; 

Serial No: 

Mounting orientation: . 

Software version: 

Programming method: 



TEST LOCATION (SITE): 



PHYSICAL ENVIRONMENT 

Ambient temperature: 

Abnormal conditions: •. (see note) 

NOTE - Comments on conditions not within expected limits. 



WARM-UP PERIOD: .. 
MEASURING DWELL: 

INSTRUMENTATION 

Type: 

Comments: . 



MEASURING TIME: 



Model No: Serial No: 



TEST CONDITIONS 

Rated load conditions: 

Mass (kg) Position of centre of grafity (coordinates Lx 



Ly, U). 



Moments of inertia (kg/m ) Measurement point position (coordinates Xmp , Ymp , Zmp). 



TESTS CONDUCTED ACCORDING TO ISO 9283 

□ Pose accuracy 
n Pose repeatability 

□ Multi-directional pose accuracy variation 
n Distance accuracy and repeatability 

n Position stabilization time 

n Position overshoot 

□ Drift of pose characteristics 

□ Exchangeability 



n Path accuracy and path repeatability 

n Path accuracy on reorientation 

n Cornering deviations 

□ Path velocity accuracy, repeatability and 
fluctuation 

□ Minimum posing time 

□ Static compliance 
n Weaving deviations 



Conducted by: 
Checked by: 



Date: 
Date: 
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Tables for test results 

NOTE - The following tables are only given as examples. 





Table C.I — Pose accuracy and Pose repeatability 








Load 


Velocity 


Pi 


Pz 


P3 


P4 


P5 


100% 
according to 

6.6 or the 
heaviest 
taken from 
table A. 2 in 
the case of 
comparison 


100 %, 
and 50% 
and/or 10% 
according to 
6.7, or high 
and low/ 
taken from 
table A.3 in 
the case of 
comparison 


AP.= 
AP,= 
AP,= 


RP,= 
RPs = 
RPt = 
RPo = 


AP,= 
AP,= 
AP,= 
AP,= 


RP,= 
RP,= 
RPt,= 
RPc = 








10% 
according to 

1 6.6 or 10% 

1 of the 
heaviest 
taken from 
table A. 2 in 
the case of 
comparison 


100%, 
and 50% 
and/or 10% 
according to 
6.7, or high 
and low 
taken from 
table A.3 in 
the case of 
comparison 


AP,= 
AP,= 
AP,= 

AP,= 


RP,= 
RP,= 
RP,= 
■RP,= 










_ 



Table C.2 — Multi-directional pose accuracy variation 



Load 



1D0% according 
to 6.6 or the 
heaviest taken 
from table A. 2 
in the case of 
comparison 



Velocity 



10 % according 
to 6.6 or 10% of 
the heaviest 
taken from table 
A.2 in the case 
of comparison 



100%, 
and 50% 
and/or 10% 

according to 6.7, 
or high and low 
taken from table 
A.3 in the case of 
comparison 



100 %, 
and 50% 
and/or 10% 
according to 6.7, 
or high and low 
taken from table 
A.3 in the case of 
comparison 



Pi 



vAP,-- 
vAP,- 
vAP,' 
vAP,- 



vAPp-- 
vAP, 
vAP, 
vAP, 



vAPp = 
vAP^ = 
\fAP,= 
vAP,= 



P4 
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Table C.3 — Distance accuracy and repeatability 



Load 


Velocity 


Pi 


P4 


100% according to 6.6 or the 
heaviest taken from table A.2 
in the case of comparison 


100 % and 50% and/or 10% 

according to 6.7, or high and 
low taken from table A. 3 in 
the case of comparison 


ADp = 
AD,= 
AD,= 
AD,= 


RD = 
RD,= 
RD,= 
RDc = 






Programming method: 1 



Table C.4 — Position stabilization time and overshoot 



Load 


Velocity 


Pi 


Limitband 


100% according to 6.6 or the 
heaviest taken from table A, 2 
in the case of comparison 


100% and 50% and/or 
10% according to 6.7, or 
high and low taken from 
table A. 3 in the case of 
comparison 


f = 
0V = 


Specified limit: 


10 % according to 6.6 or 
1 0% of the heaviest taken 
from table A.2 in the case of 
comparison 


100% and 50% and/or 
10% according to 6.7, or 
high and low taken from 
table A. 3 in the case of 
comparison 


t = 
0V = 


Specified limit: 





Table C.5 — Exchangeability 




Load 


Velocity 


Exchangeability 


100% according to 6.6 


100 % according to 6.7 


E = 



Table C.6 — Path accuracy and path repeatability 



Load 


Velocity 


Selected shape 
and length of 
path 


Accuracy 


Repeatability 


Accuracy on 
reorientation 


100% according 

to 6.6 or the 

heaviest taken 
i from table A.2 in 
1 the case of 

comparison 


100% and 50% 
and/or 10% 
according to 6.7, 
or high and low 
taken from table 
A.4 in the case 
of comparison 




AT,= 
AT,= 
AT,= 
AT,= 


RT,= 


AT,= 


1 % according to 
6.6 or 10% of the 
heaviest taken 
from table A.2 in 
the case of 
comparison 


100% and 50% 
and/or 10% 
according to 6.7, 
or high and low 
taken from table 
A.4 in the case 
of comparison 




AT,= 
AT,= 
AT,= 
AT,= 


RT,= 
RT,= 
RT,= 
RT,= 


AT,= 
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Table C.7 — Cornering deviations 



Load 


Rated velocity 


Reduced velocity 


Overshoot 


Round-off error 


100% according to 6.6 
or the heaviest taken 
from table A.2 in the 
case of comparison 


100% and 50% and/or 
10% according to 6.7, 
or taken from table A.4 
in the case of 
comparison 




CO = 


CR = 


Maximum rated path velocity 


m/s 


Maximum reduction of path velocity in the corner 


m/s 


Distances from the corner where the reduction of velocity starts and ends 


mm 



Table C.8 — Path velocity accuracy, repeatability and fluctuation 



Load 


Velocity 


Path velocity 


Path velocity 


Path velocity 






accuracy 


repeatability 


fluctuation 


100% according 


100% and 50% 


AV= % 


RV= % 


FV= % 


to 6.6 or the 


and/or 10% 








heaviest taken 


according to 6.7, 








from table A.2 in 


or high and low 








the case of 


taken from table 








comparison 


A.4 in the case of 
comparison 








1 % according to 


100% and 50% 


AV= % 


RV= % 


FV= % 


6.6 or 10% of the 


and/or 10% 








heaviest taken 


according to 6.7, 








from table A.2 in 


or high and low 








the case of 


taken from table 








comparison 


A.4 in the case of 
comparison 











Table C.9 — Minimum posing time 




Starting pose 


Arrival pose 


Distance 

mm 


Time 
s 










Velocities used: 





Table CIO — Static compliance 






Direction and sense offeree 


X" 


X 


Y" 


Y- 


Z" 


Z 


Force value 


... N 


...N 


... N 


...N 


... N 


... N 


Compliance 


... mm/N 


... mm/N 


... mm/N 


... mm/N 


... mm/N 


... mm/N 
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Table C.11 — Weaving deviations 



Load 


Velocity 


Weaving stroke error 


Weaving frequency error 


1 00 % according to 
6.6 or the heaviest 
taken from table 
A.2 in the case of 
comparison 


100 % and 50% 
and/or 10% 
according to 6,7, or 
high and low taken 
from table A.4 in the 
case of comparison 


IA/S= % 


WF= % 


1 % according to 
6:6 or 10% of the 
heaviest taken from 
table A.2 in the 
case of comparison 


100% and 50% 
and/or 10% 
according to 6.7, or 
high and low taken 
from table A.4 in the 
case of comparison 


ws= % 


WF = % 
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